Poorly controlled insulin dependent diabetics showed impaired E-rosette forming ability compared to sex and age matched normal controls (34.8 + 3.1, n = 31 vs 55.5 _+ 1.7, n = 33; p < 0.001; mean + SEM). The reduction of E-rosette cells % was not related to the duration of diabetes, nor to fasting blood glucose levels. Incubation of lymphocytes from a subsequent series of 17 insulindependent diabetics with insulin (100 ~tU/ml) plus glucose (100 mg/100 ml) significantly increased Erosette formation (37.6 _+ 3.3 vs 47.0 _+ 2.2; p = 0.01); conversely glucagon (0.1 ~tg/ml) significantly impaired E-rosette forming ability of normal lymphocytes (51.5 + 3.6 vs 44.5 + 4.2; n --17; p < 0.01). No difference was observed in cAMP content of normal and diabetic lymphocytes, nor was Erosette forming ability related to intracellular cAMP content. Incubation with increasing glucose concentrations (up to 500mg/100ml) did not affect Erosette forming ability of normal lymphocytes. Incubation of normal lymphocytes with diluted (1:10) serum from sex and age matched insulin dependent diabetics impaired E-rosette forming ability to the level found in diabetics (61.1 + 2.9 vs 39.7 _+ 4.4; p < 0.001). The results of these in vitro experiments show that insulin and glucagon exhibit opposite effects on E-rosette forming ability and that undefined factor(s) present in diabetic serum may affect this T-cell function.
Immunological factors may play an important role in the pathogenesis of insulin dependent diabetes (IDD).
This has been previously suggested by the finding of insulitis [1] and by the observation of organ specific auto-antibodies and of clinical associations between insulin dependent diabetes and autoimmune diseases [2, 3, 4] . This was recently clearly confirmed by the demonstration of specific humoral and cell mediated immune reactions against pancreatic antigens [5, 6, 7] .
The most impressive data arise from studies on islet cell autoantibodies (ICAs), which have been detected in up to 90% of patients in the earliest phases of the disease [8] .
As to cell mediated immunity, there are reports of T-cell defects, manifested by low counts of Erosette forming cells [9, 10, 11, 12, 13] and impaired in vitro response to T-cell mitogens [14, 15] .
The present study was designed to investigate which factors may be of relevance for T-cell impairment in IDD.
Patients and Methods
Sixty-one insulin dependent diabetics, fifty-three admitted to hospital because of unsatisfactory metabolic control and eight because of newly discovered diabetes (29 males and 32 females), age range 14 to 46 years (mean age 25 years), were included in the study. The duration of the disease ranged between 0 and 20 years (mean 6.2); all patients were under 105% of ideal body weight.
Patients were treated by 2-3 daily injections of short and/or intermediate acting insulins (Actrapid or Semilente MC -Novo Industri A/S -Copenhagen, Denmark); subjects known to suffer from immunologic diseases or receiving drugs known to interfere with cell mediated immunity were excluded.
Poor metabolic control was assumed when fasting blood glucose exceeded 200 mg/100 ml and severe glycosuria (> 10 g daily) and/or ketonuria were present for at least one of the three days preceding the study.
Sixty-eight healthy non-obese volunteers (< 110% of ideal body weight), 37 males and 31 females, age range 17 to 48 years, (mean age 27 years), without a family history of diabetes formed the control group.
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Preparation of Lymphocyte Suspensions
Heparinized venous blood samples (8 ml) were collected after an overnight fast: the latest short-acting insulin injection was administered 12-14 hours before blood sampling. Lymphocytes were separated by density centrifugation on a Ficoll-Hypaque gradient (Lymphoprep-Nyegaard and Co., Oslo) [16] . Macrophages were removed after iron powder phagocytosis, and a suspension containing more than 95% of lymphocytes with greater than 98% viability by Trypan Blue exclusion was obtained.
Lymphocytes were adjusted to 3 • 106 cells/ml employing, according to experimental purposes (see below), two different media: 1) RPMI-1640 plus 20 mmol Hepes (N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic add; Na salt), pH 7.2-7.4, 290 mosm/kg (Eurobio, Paris), a 'rich' medium containing glucose 200 mg/100 ml, aminoacids, vitamins and salts [ 17] ; 2) phosphatebuffer solution (PBS), pH 7.2;7.4, 290 mosm/kg, a simple saline medium (Eurobio, Paris).
The cAMP content of the supernatant was detected by the Gilman procedure [20] , employing a binding protein isolated from bovine skeletal muscle [21] . Duplicate cAMP measurements were performed for each lymphocyte sample (cAMP assay kit; TRK 432, The Radiochemical Centre, Amersham); intra-assay CV was < 9%, interassay CV < 12%; values were expressed as pmol/107 cells.
For statistical analysis the two tailed Student t tests for paired or unpaired data and the coefficient of correlation were employed as appropriate. Values are presented as mean _+ SEM.
Results

E-Rosette Forming Ability in Insulin Dependent Diabetics E-Rosette Test
The E-rosette forming technique of Jondal et al. [18] was employed with minor modifications. Fresh sheep erythrocytes, supplied in Alsever's solution, were adjusted after three washings in PBS to 90 X 106 cells/ml. Aliquots of 0.5 ml were added to 0.5 ml of lymphocyte suspensions (3 • 106 cells/ml): the mixture was left 5 min at room temperature in an atmosphere of 02 (95%) and CO2 (5%) and then centrifuged at 200 • g for 5 min. The samples were incubated for 2 hours at 0-2 ~ C; after this period the pellets were gently resuspended and rosettes (a lymphocyte surrounded by three or more red cells) were counted by microscopic examination of 200 cells in a haemacytometer.
To prevent bias, the operator was unaware of the origin of the sample under examination.
Insulin, Glucagon and Glucose Effect on E-Rosette Forming Ability
Lymphocyte suspensions in PBS, obtained from normal and/or diabetic subjects (see section 'Results'), were incubated before performing the E-rosette test for 60 min at 37 ~ C in the following conditions: a) PBS alone or with added glucose (100-300 or 500 rag/ 100 ml); b) PBS plus Insulin (Actrapid MC, Novo Terapeutisk Laboratorium, Copenhagen), to a final concentration of 100 btU/ ml, with or without glucose 100 mg/100 ml; c) PBS plus Glucagon (Novo Industri A/S, Copenhagen), to a final concentration of 0.1 ~tg/ml.
Serum Effect on E-Rosette Forming Ability
Before performing the E-rosette test, lymphocytes from pairs of normal/diabetic subjects were incubated for 60 min at 37~ in PBS with their own or partner's serum diluted 1 : 10 with PBS.
cAMP Content of Lymphocytes
Lymphocytes from normal subjects and diabetic patients were washed three times in Earle saline solution [19] , by a 400 • g for 10 rain centrifugation. Suspensions were adjusted to 5 x 10 6 cells/ ml in 50 mmol/1 tris-HCl, 4 mmol/1 EDTA, pH 7.5; the tubes were exposed to liquid N 2 for 3 min and then incubated at 100 ~ C for 3 min. Coagulated proteins were removed by 1500 • g centrifugation at 4 ~ C for 5 min.
Lymphocytes from 31 IDD (aged between 12 and 44 years, mean 23 years) with duration of the disease between 0 and 20 years (mean 7 years) were processed for E-rosette forming ability in RPMI 1640 -Hepes as previously described.
The percentage of E-rosette forming cells was significantly lower than in 33 sex and age matched subjects (34.8 _+ 3.1 vs 55.5 _+ 1.7, mean + SEM; p < 0.001). No sex difference was found in the diabetic group (12 males = 35.3 + 5.4; 19 females = 34.5 + 3.8), nor were significant correlations observed between E-rosette forming ability and duration of diabetes (r = 0.06) or blood glucose concentration (range 64-390, r = 0.13). The percentage of Erosette forming cells was not significantly different between poorly controlled diabetics (n --21), compared to moderately controlled patients (n = 10) (33.1 + 4.2 vs 38.3 _+ 3.6). Table 1 . Effects of glucose, insulin and glucagon on E-rosette forming ability of lymphocytes from insulin-dependent diabetics (IDD). Upper part: in vitro effect of insulin (100 ~xU/ml) and insulin (100 ~tU/ml) plus glucose (100mg/100ml). Lower part: in vitro effect of glucagon (0.1 btg/ml). Incubations for 60min at 37 ~ C before performing the E-rosette test. Results are expressed as mean + SEM; number of subjects in parentheses Lymphocyte E-rosetting % IDD [17] Basal 37.6 _+ 3. 
In Vitro Effect of Insulin, Glucagon and Glucose
The insulin effect on E-rosette forming ability was investigated in a further 17 poorly controlled IDD, 11 males and 6 females, aged from 14 to 46 years (mean 28), with duration of the disease between 0 and 20 years, (mean 6). As shown in Table 1 , insulin (100 btU/ml) plus glucose (100 mg/ml) induced a significant increase in E-rosette forming ability of diabetic lymphocytes: insulin alone, however, did not cause a significant increase. The glucagon effect on E-rosette forming ability was studied in 17 normal volunteers (10 males and 7 females, aged between 25 and 37years, mean 31). Glucagon (0.1 btg/ml) significantly impaired the E-rosette forming ability of normal lymphocytes ( Table 1 ). The effect of glucose was studied in 11 normal subjects (7 males and 6 females, aged between 18 and 40years, mean 29): concentrations of up to 500 rag/100 ml did not produce any significant inhibition of the E-rosette forming ability of normal lymphocytes ( Table 2) .
Effect of Normal and D&betic Sera
Lymphocytes from 11 normal/diabetic pairs, matched for sex and age (5 males and 6 females, aged between 17 and 32 years, mean 23, with duration of diabetes between 1 and 12 years, mean 6), were incubated with their own or normal partner's serum before performing the E-rosette test.
Diabetic sera caused a striking fall in E-rosette forming ability of normal lymphocytes (Table 3) , reaching levels similar to those observed in IDD; conversely normal sera significantly improved Erosette forming ability of diabetic lymphocytes (Table 3) .
cAMP Content of Lymphocytes
There was no correlation between the percentage of E-rosette forming cells and cAMP content of lymphocytes from a group including 11 IDD and 5 normal subjects, nor any difference in cAMP content between normal (n = 9) and diabetic (n = 10) lymphocytes (119 + 14 vs 114 _+ 23 pmol/10 v cells).
Discussion
The data presented show a significant reduction of peripheral T-lymphocyte percentage in insulin dependent diabetics. These results agree with previous reports from this laboratory [9, 11] and with findings from other authors [10, 12, 13] , but differ from Table 2 . Effect of increasing glucose concentrations on E-rosette forming ability of normal subjects. Incubations for 60' at 37~ before performing the E-rosette test. Results are expressed as mean + SEM; number of subjects in parentheses Lymphocyte E-rosetting % Basal (11) 57.9 _+ 3.6 Glucose 100 mg/100ml (11) 51.0 _+ 3.2 NS Glucose 300 mg/100ml (11) 50.5 _+ 3.2 NS Glucose 500 rag/100 ml (10) 51.1 _+ 3.9 NS NS = not significant Table 3 . Serum effect on E-rosette forming ability. Upper part: effect of normal serum on E-rosette forming ability of lymphocytes from IDD. Lower part: effect of diabetic serum on E-rosette forming ability of lymphocytes from normal subjects. Incubations for 60' at 37 ~ C before performing the E-rosette test. those of MacCuish et al. [14] and Hann et al. [22] . The discrepancies may be due both to difference in methods and to heterogeneity among the examined patients. Technical problems involved in performing the E-rosette test have been reviewed by Aiuti et al. [23] : the presence or absence of proteins in the medium (fetal calf or human serum) seems to be critical. In fact Byrom et al. [24] have recently shown that low counts of peripheral T-cells may be detected in atopic children only when the E-rosette test was performed in the absence of fetal calf serum. In this regard it is noteworthy that MacCuish et al. [14] , who did not find a decrease of peripheral T-lymphocytes in IDD, employed fetal calf serum, while we have performed the E-rosette test in its absence. Furthermore we have shown that the addition of diluted normal serum to diabetic lymphocytes may restore a normal E-rosette forming ability. The performance of the E-rosette test in the absence of agents that enhance the stability of the rosettes may disclose a latent impairment of T-cell function in IDD.
A peripheral T-lymphocyte dysfunction in IDD has already been claimed by MacCuish et al. [14] and Delespesse et al. [15] , who used different testS, such as blastogenesis from vegetable mitogens.
Since the E-rosette forming ability is an active, energy dependent phenomenon, abolished by sodium iodoacetate (an inhibitor of glycolysis) [18] , one may argue that the metabolic status of IDD may influence it. So the discrepancy between our results and those of Hann [22] , who found normal levels of T-lymphocytes in IDD, may be due to differences in metabolic control of patients. While Hann [22] studied IDD 'under adequate control', the patients of the present study were admitted to hospital because of unsatisfactory diabetic control. Our results show, however, that hyperglycaemia is not related to low counts of Tcells; moreover glucose addition in vitro to normal lymphocytes (up to 500 mg/100 ml) did not impair E-rosette forming ability. In addition, factors such as age at onset or duration of diabetes do not seem related to E-rosette counts of IDD.
Pancreatic hormones show opposite effects in vitro: insulin can restore E-rosette forming ability of diabetic lymphocytes in the presence of glucose, while glucagon exerts an inhibitory effect on normal lymphocytes. These actions may be due to the hormonal modulation of intracellular nucleotides: it is widely recognized that substances inducing a rise of cellular cAMP enhance T-cell function, while agents promoting a rise in intracellular cAMP seem to inhibit E-rosette forming ability [25, 26, 27] . However, we have not been able to show any difference in the cAMP content of normal and diabetic human lymphocytes, in contrast with the reports of increased cAMP content of mononuclear cells from diabetic rats [28] .
Even if caution is advisable in extrapolating results of acute in vitro experiments to a chronic in vivo situation, the hypothesis that the hormonal imbalance of IDD (insulin deprivation and glucagon excess) may affect T-lymphocyte function is suggestive. In support of the hypothesis, Fabris and Piantanelli [29] showed that cell mediated immune reactions are strongly depressed in pancreatectomized rats and that daily insulin treatment prevents these experimentally induced immunological alterations.
Finally we have shown that diabetic serum significantly inhibits E-rosette forming ability of normal lymphocytes.
Our observations are in agreement with a previous report from Pallavicini and Nichols [28] , who showed a reduction in phytohaemagglutinin induced blastogenesis by alloxan-diabetic rat serum.
Inhibition of T-cell function by serum factors has been described in several pathologic conditions, such as systemic lupus erythematosus [30] , Hodgkin's lymphoma [31] , infectious mononucleosis [32] , mul-R. Cattaneo et al.: E-Rosette Forming Cells in Diabetes tiple sclerosis [33] and pernicious anemia [34] : inhibitory serum factors have been identified as lymphocytotoxic antibodies. The existence of such antibodies in IDD is still unproven.
